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(57) ABSTRACT

A squirrel cage rotor for an asynchronous machine includes
a magnetically conductive main body which 1s mounted for
rotation about an axis and includes electric conductors in
substantially axially extending slots. The electric conductors
are electrically contacted by short-circuit rings which are
located on end faces of the magnetic main body and con-
figured as a thermosiphon.
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SQUIRREL CAGE ROTOR OF AN
ASYNCHRONOUS MACHINE

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s the U.S. National Stage of Interna-
tional Application No. PCT/EP2017/060768, filed May 5,
2017, which designated the United States and has been
published as International Publication No. WO 2017/2135834
and which claims the priority of European Patent Applica-
tion, Serial No. 16174676.3, filed Jun. 16, 2016, pursuant to
35 U.S.C. 119(a)-(d).

BACKGROUND OF THE INVENTION

The invention relates to a squirrel cage rotor of an
asynchronous machine, to an asynchronous machine and to
a method for producing a squirrel cage rotor of an asyn-
chronous machine

Squirrel cage rotors of asynchronous motors are inher-
ently heated up above all by resistance effect losses during
operation of the electrical machine. In such cases, particu-
larly 1in the short-circuit ring on the end faces of the squirrel
cage rotor, very high local temperatures of up to 250° C.
occur. As the temperature rises the efliciency of the dynamo-
clectric machine falls however. Furthermore the lifetime of
the bearings 1s also sharply reduced by these high tempera-
tures.

In order to dissipate the resistance eflect losses, 1t 1s
known, 1n the case of squirrel cage rotors of asynchronous
motors, to provide vanes on the short-circuit ring, 1n order,
by additional air circulation, to emit the resistance eflect
losses from the short-circuit rings to the air in the interior of
the dynamoelectric machine. This method of cooling how-
ever 1s not very eflicient and can only deal with the disad-
vantages described above to a limited extent.

SUMMARY OF THE INVENTION

Using this as 1ts starting point, the underlying object of the
invention 1s to create a squirrel cage rotor of an asynchro-
nous machine, which guarantees a suflicient dissipation of
heat from the squirrel cage rotor. Furthermore an asynchro-
nous machine with a high efliciency 1s to be provided. It 1s
likewise an object of the mnvention to provide a suitable
method for producing said rotor.

The stated object 1s successiully achieved by a squirrel
cage rotor of an asynchronous machine comprising a mag-
netically conductive main body, which 1s mounted so as to
be able to rotate about an axis and includes electrical
conductors in slots extending substantially axially, said
clectrical conductors being electrically contacted by short-
circuit rings, which are provided on end faces of the mag-
netic body and are designed as a thermosiphon.

The stated object 1s likewise successtully achieved by an
asynchronous machine with an imventive squirrel cage rotor
as a drive for wheeled vehicles or track-based vehicles, for
maritime applications and also for aircratt.

The stated object 1s also successiully achieved by a
method for producing an inventive squirrel cage rotor, by the
following steps:

Production of a magnetically conductive main body,

Insertion of electric conductors into slots extending sub-

stantially axially of the magnetic main body,

Electrical contacting of short-circuit rings on the end

faces of the magnetically conductive main body with
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2

electric conductors, wherein a void of the short-circuit
ring 1s produced by a 3D printing method, by sand
casting or by machine processing of a cast short-circuit
ring sealed by a cover.

The short-circuit ring of the squirrel cage rotor 1s now
designed, 1 accordance with the invention, as a thermosi-
phon, wherein 1n this design the short-circuit ring in par-
ticular has a void, which 1s filled with water or with another
coolant. In accordance with the working temperature of the
coolant in the void, an operating pressure, €.g. a vacuum, 1S
generated 1n said void during the production of the squirrel
cage rotor, 1n order to create the 1deal operating point of the
coolant for the respective application of the asynchronous
machine. The void of the short-circuit rings thus functions as
a thermosiphon on the end faces of the squirrel cage rotor,
which has a magnetically conductive main body.

In a further design, by a thermal linkage of the short-
circuit ring, preferably to a liquid-cooled shafit, an increased
elliciency of the circuit of evaporation and condensation
within the thermosiphon 1s achieved. In this design conden-
sation now occurs inside the short-circuit ring. After the
condensation of the coolant, a liquid 1s thus present, said
liquid 1s conveyed radially outwards by the centrifugal force
occurring during operation of the asynchronous machine.
On the way radially outwards, because of the higher tem-
perature of the surfaces forming the void, 1n particular in the
direction of the end face of the magnetic main body, this
results 1n an evaporation of the coolant. This vapor 1s pushed
back again into the inner area, 1.¢. in the direction of the shaft
to the condenser, by excess pressure against the centritugal
force.

There 1t 1s recooled, in particular by the liquid-cooled
shaft. Thus the heat in the short-circuit ring 1s transported
into the shaft and from there, via the shait cooling, away
from the 1nside of the motor.

Through the specific embodiment of the short-circuit ring
designed as a thermosiphon, 1.e. of the void provided by
inclined surfaces, both the evaporation and also the conden-
sation process are supported.

Such an embodiment of a squirrel cage rotor now
increases the etliciency of an asynchronous motor. The
asynchronous motor 1s especially suitable, inter alia, as a
drive for all types of vehicles, since, for example, this lost
energy does not have to be emitted into the environment, but
1s able to be used in a similar way to combined heat and
power for other applications, 1n automotive engineering for
example, to heat a passenger compartment.

Vehicles 1n this case are understood as wheeled vehicles
or track-based vehicles such as E-cars, streetcars, power
cars, locomotives, buses and mine vehicles, but also vehicles
in maritime areas, such as small boats, pleasure boat etc.
Likewise an asynchronous motor of this type 1s suitable as
a drive for aircrait such as E-planes or helicopters.

Such drives are also suitable for other applications 1n the
industrial environment, €.g. 1n machine tools or compres-
SOrS.

Suitable production methods for embodying the void n
the short-circuit ring are 3D printing methods and also a
sand casting method or other alternative void-forming cast-
ing methods. Likewise a short-circuit ring cast in tull

material can be machined accordingly and sealed with a
cover.

In order to obtain an operating pressure, €.g. a vacuum, in
the void of the short-circuit ring, the void can be evacuated
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and filled with the coolant via a vacuum opening, which can
subsequently be closed-ofl again.

BRIEF DESCRIPTION OF THE DRAWING

The mvention as well as further advantageous embodi-
ments of the mvention will be explained below 1n greater
detail with reference to an exemplary embodiment shown as
a basic diagram: In the figures

FIG. 1 shows a basic longitudinal section of an asynchro-
nous moftor,

FIG. 2 shows a detailed diagram 1n longitudinal section of
a short-circuit ring.

DETAILED DESCRIPTION OF PR.
EMBODIMENTS

L]
oy

ERRED

FIG. 1 shows a basic longitudinal section of an asynchro-
nous motor 1 with a stator 2 embodied from laminated sheets
of metal, which has a winding system 3 1n slots of the stator
2 not shown 1n any greater detail, which forms winding
heads on the end faces of the stator 2. Via an air gap 4 of the
asynchronous machine, by electromagnetic interaction with
a squirrel cage rotor there 1s rotation about an axis 8. The
squirrel cage rotor has a magnetically conductive main body
5, which 1n this case 1s embodied as an axially layered
laminated core, but can also be provided as a one-piece
sintered part.

Here electric conductors 7, which are electrically con-
tacted with short-circuit rings 6 on the end faces of the
magnetic main body 3, run 1n axial slots of the squirrel cage
rotor not shown in any greater detail. In this form of
embodiment the short-circuit rings 6 on the end faces are 1n
thermal conductive contact both with the end face 21 of the
magnetic main body 5 and also with a shait 9.

Each short-circuit ring 6 has a void, which 1s embodied as
a thermosiphon 11. According to the mvention a condensa-
tion or a formation of vapor now takes place 1n this void such
that the recooling again takes place in the area of the radial
inner area of the thermosiphon 11, 1n other words 1n the area
of the shait 9. The shait 9 itself 1s recooled in this case by
lance cooling not shown 1n any greater detail by means of a
hole 10 dnlled 1n the shait and a coolant 12, liqud or air,
provided therein.

Thus the resistance eflect losses of the squirrel cage rotor
are, nter alia, now at least emitted 1n part via the thermo-
siphon 11 of the short-circuit ring 6, which is preferably 1n
direct thermal contact with the end faces 21, to a liquid-
cooled or air-cooled shaft 9 and 1ts coolant 12. A further
thermally conductive path 1s produced from the magneti-
cally conductive main body 3§ directly to the shaft 9.

FI1G. 2 shows a detailed view of a short-circuit ring 6 with
its thermosiphon 11, wherein an electric conductor 7 1s
clectrically contacted with the short-circuit ring 6. The
losses arising in the squirrel cage rotor, 1n particular in the
short-circuit ring 6, are now emitted via a coolant 13 on 1its
radial way outwards via the inclined surfaces 18 to the
coolant 13, which on 1ts radial way outwards more and more
adopts a vaporized state 16. As a result of the overpressure
forming 1n the radially outer area of the thermosiphon 11, the
vapor 1s now pushed radially inwards towards the shaft 9. In
this process a condensation occurs once again at the shait 9,
preferably on the surfaces 19 and the circuit can be executed
once again. The short-circuit ring 6 is at least linked ther-
mally directly to the shaft 9 by means of a transitional heat
zone 20.
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4

A cover 17 1s provided primarily when the void of the
short-circuit ring 6 1s produced by a metal-cutting work
Process.

The respective vacuum openings not shown 1n any greater
detail are preferably located on the short-circuit rings 6 1n a
direction parallel to the axis.

The surfaces 18, 19 are designed to be inclined 1n relation
to the axis 8, in order to be able to provide the required
surfaces for evaporation or recooling. Additional profilings
of these surfaces 18, 19, for example by microscale struc-
tures 1n the mm range, can improve the desired effects even
turther.

In order to 1increase the desired cooling effect, ribs extend-
ing axially and radially, starting from the cover side 17 or
from the inclined surface 18, are provided in the void of the
short-circuit ring 6. Their geometrical extent in the axial and
radial direction, depending on the embodiment of the short-
circuit ring 6, stretches from a few mm up to the entire
possible radial and axial extent within the void. Accordingly
a storage structure 1s formed within the void, of which the
segments between the ribs are connected with one another 1n
terms of tlow or are self-contained 1n each case.

With self-contained segments 1n terms of flow the respec-
tive operating pressure 1s then naturally to be set for each
segment.

Thus the surfaces for evaporation and recooling are
increased. Specific surfaces for evaporation and recooling
within the void of the short-circuit ring 6 can also be
produced by methods of additive manufacturing for a void
in the short-circuit ring 6 generated by a metal cutting
method.

Basically the entire short-circuit ring, even with these
types of specific surfaces for evaporation and recooling in
the void, can also be produced as follows. In such cases the
inventive short-circuit ring with thermosiphon 11 1s pressed
onto a conventional laminated core of the short circuit rotor

with conductor bars and a shaft 9, in particular a hollow
shaft. In this case above all the thermal transitions short-
circuit ring and end faces of the laminated core and also
shaft 9 to short-circuit ring 6 are embodied with low thermal
transfer resistances.

The mvention claimed 1s:
1. A squirrel cage rotor of an asynchronous machine, said
squirrel cage rotor mounted for rotation about an axis and
comprising;
a magnetically conductive main body;
a shaft having a bore for cooling the shaft;
short-circuit rings provided on end faces of the magneti-
cally conductive main body and thermally linked to the
shaft and to the magnetically conductive main body,
cach said short-circuit ring having a void embodying a
radially operating thermosiphon dissipating heat 1n the
shaft, said void delimited by radially and axially
inclined surfaces forming evaporation and condensa-
tion surtaces for a coolant disposed 1nside the void; and

clectrical conductors extending substantially axially 1n
slots of the main body and electrically contacted by the
short-circuit rings.

2. The squirrel cage rotor of claim 1, wherein at least one
member selected from the group consisting of the short-
circuit rings and the main body 1s connected to the shaift 1n
a torsion-prool manner.

3. The squirrel cage rotor of claim 1, wherein the shaft
includes a shaft cooling system.
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4. The squirrel cage rotor of claim 1, wherein the short-
circuit rings are configured hollow such as to realize evapo-
ration or condensation of the coolant in the void of the
short-circuit ring.

5. The squirrel cage rotor of claim 4, wherein the void of >

the short-circuit ring 1s bounded by a surface in facing
relation to the end face of the magnetic main body and/or the
shaft, said surface extending at a predetermined angle 1n
relation to the axis or the end face.

6. An asynchronous machine, comprising a squirrel cage
rotor as drive for a wheeled or track-based vehicle, for a
maritime application, and as drive for aircrait, said squirrel
cage rotor mounted for rotation about an axis and compris-
ing a magnetically conductive main body, a shaft having a
bore for cooling the shait, short-circuit rings provided on
end faces of the magnetically conductive main body and
thermally linked to the shaft and to magnetically conductive
main body, each said short-circuit ring having a void
embodying a radially operating thermosiphon dissipating
heat 1n the shaft, said void delimited by radially and axially
inclined surfaces forming evaporation and condensation
surfaces for a coolant disposed 1nside the void, and electrical
conductors extending substantially axially in slots of the
main body and electrically contacted by the short-circuit
rings.

7. The asynchronous machine of claim 6, wherein at least
one member selected from the group consisting of the
short-circuit rings and the main body 1s connected to the

shaft in a torsion-proof manner.
8. The asynchronous machine of claim 6, wherein the
shaft includes a shaft cooling system.
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9. The asynchronous machine of claim 6, wherein the
short-circuit rings are configured hollow such as to realize
evaporation or condensation of the coolant in the void of the
short-circuit ring.

10. The asynchronous machine of claim 9, wherein the
vold of the short-circuit ring i1s bounded by a surface in
facing relation to the end face of the magnetic main body
and/or the shaft, said surface extending at a predetermined
angle 1n relation to the axis or the end face.

11. A method for producing a squirrel cage rotor of an
asynchronous machine, said method comprising;:

Inserting electrical conductors into substantially axially
extending slots of a magnetically conductive main
body;

producing short-circuit rings with a void using a 3D
printing process, sand casting, or sealing a cast one of
the short-circuit rings by a cover such that the void
embodies a radially operating thermosiphon dissipating
heat in the shaft, said void delimited by radially and
axially inclined surfaces forming evaporation and con-
densation surfaces for a coolant disposed inside the
void; and

placing the short-circuit ring on end faces of the mag-
netically conductive main body such as to electrically
contact the conductors.

12. The method of claim 11, further comprising setting in
the void of the short-circuit ring an operating pressure for an
operating temperature of the asynchronous machine to
establish an 1deal operating point of coolant 1n the void of
the short-circuit ring.

13. The method of claim 12, wherein the operating

pressurc 1S a vacuum.
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